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ORIGINAL RESEARCH ARTICLEPatients With Spinal Muscular Atrophy Use High Percentages of
Trunk Muscle Capacity to Perform Seated Tasks
Laura H. C. Peeters, MSc, Mariska M. H. P. Janssen, PhD, Idsart Kingma, PhD,
Jaap H. van Dieën, PhD, and Imelda J. M. de Groot, PhDObjective: The aim of the study was to investigate trunk function dur-
ing seated upper limb tasks in patients with spinal muscular atrophy
types 2 and 3.
Design: Seventeen persons with spinal muscular atrophy and 15
healthy controls performed several tasks when sitting unsupported,
such as reaching (and placing) forward and sideward. Joint torque
and muscle activity were measured during maximum voluntary iso-
metric contractions. Three-dimensional kinematics and normalized
muscle activity were analyzed when performing tasks.
Results: Trunk joint torques were significantly decreased, approxi-
mately 45%, in patients with spinal muscular atrophy compared with
healthy controls. Active range of trunk motion was also significantly
decreased in all directions. When performing tasks, the average back
muscle activity was 27% and 56% of maximum voluntary isometric
contractions for healthy controls and spinal muscular atrophy and
for abdominal muscles 10% and 44% of maximum voluntary isomet-
ric contractions, respectively. Trunk range of motion did not differ
when performing daily tasks.
Conclusions: The trunk of patients with spinal muscular atrophy is
weaker compared with healthy controls, reflected by reduced trunk
torques and decreased active range of motion. In addition, patients
with spinal muscular atrophy use high percentages of their trunk mus-
cle capacity to perform tasks. Clinicians should take this into account
for intervention development, because using high percentages of the
maximum muscle capacity results in fatigue and muscle overloading.
Key Words: Muscular Atrophy, Spinal Torso,
Activities of Daily Living, Electromyography
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Copyright © 2019 Wolters Kluwer HS pinal muscular atrophy (SMA) is characterized by progressivedegeneration of motor neurons in the spinal cord, leading to
muscle weakness and atrophy.1 As a result, patients experience
limitations in performing daily activities independently.2,3 Patients
are categorized based on maximum acquired milestones and
disease onset, but clinically, it is more a gradual scale of func-
tional abilities.4,5 The natural course of children with SMA is
characterized not only by weakness of upper and lower limb
muscles but also by (severe) weakness in the trunk leading to
scoliosis at young age.4 However, the natural course is now
changing because of effective treatment with Spinraza.6
When performing seated activities, the trunk plays an
indispensable role as it interacts with upper limb (UL) move-
ment as part of the kinematic chain and it provides a stable
base for UL movements.7–10 Only a few studies describe trunk
function in patients with SMA. Trunk muscle force and axial
function seems to be less for patients with SMA type 2 com-
pared with type 3.4,11 However, the literature contradicts
whether axial function decreases with age. Vuillerot et al.5
found only a decline in axial motor function for SMA type
2 patients based on the motor function measure dimension 2,
whereas Wadman et al.11 found a decline in motor function
for all SMA types based on the Hammersmith Functional Mo-
tor Score. Both measures are not solely based on axial function
(ie, upper or lower limb function also influences the score),
which might explain differences in findings. It is remarkable
that so little research has been done concerning trunk function,
although scoliosis secondary to muscle weakness is a major
problem in childhood for patients with SMA.4
Therefore, the aim of this study was to investigate trunk
function and its relation with ULmovements when performing
seated UL tasks in patients with SMA types 2 and 3. We hy-
pothesized that maximum trunk torques and maximum active
range of movement are reduced in patients with SMA (types
2 and 3) compared with healthy control (HC), whereas trunk
movements and muscle activity levels when performing daily
tasks are increased to compensate for reduced UL function
and trunk muscle strength.METHODS
Participants
Seventeen people with SMA and 15 HCs participated in
this study. Participants were included if they were older than
6 yrs, able to bring their hand to the mouth, and could sit inde-
pendently (without back or arm rests) for at least 5mins. Patients
also needed to have a genetically confirmed diagnosis of SMA.
Participants were excluded if they had (other) diseases affecting
arm, trunk, or head movements.l Medicine & Rehabilitation • Volume 98, Number 12, December 2019
ealth, Inc. All rights reserved.
Volume 98, Number 12, December 2019 Trunk Function in SMA PatientsThe 15HCswere a sample of the HC group described pre-
viously.9 Because our participants with SMA were mainly
adults, we selected only HCs older than 12 yrs to eliminate
the maturation effect (eg, coordination between trunk and
arm movements changes in children up to the age of 10 yrs)
as previously described.9,12 For the same reason, the 6-yr -old
participant with SMA (SMA_6y) will be described and com-
pared separately with 3 HCs of 6 yrs (HC_6y) as a case study.
Participants with SMA were recruited through advertise-
ments by patient organizations (Spierziekten Nederland and
Prinses Beatrix Spierfonds) and through the Radboudumc out-
patient clinic Nijmegen. Healthy controls were recruited from
local primary schools, high schools, and university. Written in-
formed consent was given by all participants before participation.
The study was approved by the medical ethics committee
Arnhem-Nijmegen (NL58988.091.16) and all data were handled
according to the guidelines of good clinical practice. This study
conforms to all STROBE guidelines and reports the required in-
formation accordingly (see Supplemental Checklist, Supplemen-
tal Digital Content 1, http://links.lww.com/PHM/A834).
Procedures
We used the same procedure as that used in a previous
study with healthy children.9 All participants were seated on
a height adjustable chair without backrest or armrest. The sitting
height was adjusted so that the knees were flexed 90 degrees and
both feet were flat on the ground.
First, to determine maximum trunk range of motion
(ROM), participants were asked to perform a maximum active
flexion movement of their trunk from a seated position, imme-
diately followed by a maximum active extension movement of
their trunk (keeping both feet on the ground). The same was
done for maximum axial rotation and lateral bending. Thereaf-
ter, several reaching (and placing) tasks were performed with a
preferred hand at shoulder height: reaching forward, sideways,
and contralaterally. Reaching distance and object weight were
varied, resulting in the following combinations for forward,
lateral, and contralateral reaching: nearby-0 gram (“N-0”),
nearby-500 gram (“N-500”), and far-0 gram (“F-0”). Con-
tralateral reaching was not performed at a far distance.
Nearby was defined as the distance that could be reached
with the arm without moving the trunk (ie, 100% arm length
for HCs but could be closer for SMA) and far was defined as
133% of arm length when possible, otherwise as maximum
reaching distance. Furthermore, subjects were asked to per-
form two daily tasks: displace a porcelain plate (circa 600
grams) from left to right on a table with both hands (“Plate”)
and bring a cup of 200 grams to the mouth (“Drink”). No in-
structions were given on how to perform the tasks.
Outcome Measures
Data acquisition and analysis were similar as used in a pre-
vious study with healthy children and patients with Duchenne
muscular dystrophy and will be described briefly.9,13
Participant Characteristics
Patient characteristics were recorded based on self-reports
and included age, weight, height, arm preference, age of diag-
nosis (if applicable), wheelchair confinement, pain in upper© 2019 Wolters Kluwer Health, Inc. All rights reserved.
Copyright © 2019 Wolters Kluwer Hbody at time of participation, scoliosis, and spinal fusion surgery.
Sitting height was measured, and for patients with SMA, the
Vignos Lower Extremity Scale14 and Brooke Upper Extremity
Scale15 were used for clinical assessment of leg and arm function,
respectively.
Three-Dimensional Motion Analysis
An optical motion capture system (ViconMotion Systems
Ltd, Oxford, United Kingdom) was used to record 13 single re-
flective markers, which were placed on the skin to define posi-
tions and orientations of the trunk and pelvis during task
performance. Markers on the spinous processes of C7, T6, T12,
and L3, a laterally placed marker at level L1/L2, jungular notch,
and xiphoid process of the sternum defined three trunk segments
(upper thoracic, lower thoracic, and lumbar).9 The pelvis
markers were placed according to the Vicon Plugin-Gait model
with two additional markers on the iliac crest. The markers di-
vided the trunk initially into three segments, because the trunk
cannot be seen as rigid segment. However, to make the data more
concise, we decided to report the trunkmovement as one segment
(ie, summation of the three segment angles and pelvis) in this ar-
ticle. Distribution of movement patterns over the individual trunk
segments was essentially the same among HCs and patients with
SMAwithout spinal fusion surgery.
All kinematic data were filtered with a bi-directional
fourth-order Butterworth low-pass filter (cutoff frequency of
6 Hz). Trunk joint angles are expressed relative to the global
coordinate system.
In all three planes of movement, maximum trunk joint an-
gles were determined when performing the active range of
trunk motion tasks. For the reaching tasks and daily tasks, the
trunk ROM between the start and end of the task (eg, time
where wrist velocity exceeded/got less than 5% of its peak ve-
locity) was determined.
Joint Torque and Surface Electromyography
Surface electromyography (sEMG) (Zerowire EMG,
Aurion, Italy) was used to measure muscle activity at a sample
rate of 1000 samples/sec. Electrodes were placed on the fol-
lowing muscles on both sides of the body: iliocostalis (6 cm
from spinous processes of L1), longisimus (3 cm from spinous
processes of L3), external oblique (3 cm from axillae midline at
height of umbilicus), and medial deltoid (1/3 on the line from
acromion to lateral epicondyle of the elbow).16,17 The deltoid
muscles were included to get an estimate for shoulder muscle
effort when performing tasks. Electrodes on the iliocostalis
muscle were not placed in two smaller participants with
SMA, because of space limitations on the back.
Maximum force was measured using an adjustable
static frame myometer with a KAP-E Force Transducer
(range = 0.2–2000 N) (Angewandte System Technik, Dresden,
Germany). The force signal was sampled at 1000 samples/sec
and filtered with a bi-directional fourth-order low-pass filter
of 30 Hz. Afterward, the maximum joint torque was calculated
by multiplying the measured force with the segment length (ie,
moment arm).
Maximal voluntary isometric contractions (MVICs) were
performed to determine maximal joint torques and correspond-
ing sEMG amplitudes. Participants’ positions for MVICwww.ajpmr.com 1111
ealth, Inc. All rights reserved.
Peeters et al. Volume 98, Number 12, December 2019measurements were adapted to seated positions. so all partici-
pants with SMA could perform the measurements. TwoMVIC
efforts were performed for 3 secs by the participants for each of
the following directions: trunk flexion, trunk extension, lateral
bending trunk (left and right), and shoulder abduction (left and
right) (Fig. 1). When the maximum force of the MVIC task
varied more than 10% between the two trials, an additional trial
was recorded. Because patients with SMA are easily fatigued,
it was not feasible to perform many MVIC trials.
A fourth-order Butterworth filter (20–450 Hz) was used to
filter the sEMG signals, followed by rectification and low-pass
filtering (3 Hz) of the signals to obtain the linear envelopes.
The maximum sEMG amplitude for each trunk muscle was
taken as the highest amplitude from the four MVIC tasks of
the trunk and maximum deltoid sEMG amplitude as the highest
amplitude from the shoulder abduction task. Normalized sEMG
amplitudes (maximum sEMG amplitude during task divided byFIGURE 1. Participant’s positioning for themaximum voluntary isometric co
row: trunk flexion and extension; bottom row: lateral bending and shoulder
1112 www.ajpmr.com
Copyright © 2019 Wolters Kluwer Hthe maximum MVIC amplitude for that muscle) were used to
describe the percentage ofmuscle capacity used duringmaximum
active ROM and daily tasks. Subsequently, average normalized
muscle activity of the back muscles (ie, longissimus and
iliocostalis both sides) and average normalized activity of the ab-
dominal muscles (ie, external oblique both sides) were calculated.
If more than two values were missing, because of inability of the
participant to perform the task or because of technical errors, such
as missing signals as result of lose electrodes, the average normal-
ized muscle activity was defined as missing value.
All analyses were performed using custom scripts in
Matlab R2014b (MathWorks, Natick).
Statistics
Median values and interquartile ranges are used to describe
the data because the data were not normally distributed.
Wilcoxon rank-sum tests were used to assess differencesntraction tasks with the static framemyometer (indicated by arrow). Top
abduction.
© 2019 Wolters Kluwer Health, Inc. All rights reserved.
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TABLE 1. Participant characteristics
HCs SMA Patients
n Median IQR n Median IQR
Age, yr 15 18.1 (14.4–20.4) 16 43.5 (25.5–57.2)
Sex, male/female 7/8 11/5
Weight, kg 15 60.0 (51.1–66.5) 16 74.5 (56.6–88.1)
Height, cm 14 170.5 (166.0–174.0) 15 176.0 (167.0–178.8)
Sitting height, cm 15 64.5 (62.1–67.5) 14 63.0 (52.0–69.0)
Pain at time of participation, n 0 5
Type of SMA, type 2/type 3 5/11
Age of diagnosis, yr 16 3.5 (2–16)
Wheelchair confinement, n 14
Scoliosis, n 0 9
Spinal fusion surgery, n 0 6
Vignos lower extremity scale 1 2 9
n 1 1 14
Brooke upper extremity scale 1 2 3 4 5 6
n 3 3 8 0 1 1
IQR, interquartile range.
Volume 98, Number 12, December 2019 Trunk Function in SMA Patientsbetween patients with SMA and HCs. The ROM is depicted in
graphs, where the boxes represent 25th, 50th, and 75th percentile,
whiskers minimum and maximum nonoutlier values, and dots
indicate outliers (more than 1.5 times the interquartile range).
All statistical analyses were performed using Matlab R2014b
and the statistical significance level was set at α = 0.05.
RESULTS
Participant Characteristics
Participant characteristics are described in Table 1. Partic-
ipants, who reported pain at time of the measurement, had
mainly (chronic) shoulder pain, which did not have major im-
pact on their mobility in daily life. None of the participants
used medication described as affecting SMA, except for one
participant who usedMestinon. The 6-yr-old, type 2 SMA par-
ticipant is not included in the table. His Vignos scale was 9,
Brooke scale 1, and he had no scoliosis.
Three participants with SMA were not able to sit unsup-
ported, perform tasks at the same time, and were excluded from
the kinematic and muscle activity analysis. They all had SMA
type 2, spinal fusion surgery, and scored 3, 5, and 6 on theTABLE 2. Maximum trunk joint torque (in Newton meter) in four direc
HCs
n Median IQR
Trunk, flexion 15 54.4 (47.8–70.7)
Trunk, extension 15 59.6 (46.8–84.3)
Trunk, lateral bending D 15 66.4 (52.7–86.9)
Trunk, lateral bending ND 15 63.1 (47.5–75.0)
Shoulder abduction, D 15 47.9 (35.4–57.0)
Shoulder abduction, ND 15 42.1 (31.0–54.5)
D, toward dominant side; ND, toward nondominant side.
© 2019 Wolters Kluwer Health, Inc. All rights reserved.
Copyright © 2019 Wolters Kluwer HBrooke scale. One of these subjects wore a trunk brace, and
others did not.
Joint Torque
Trunk joint torques were significant lesser (P < 0.01) for
patients with SMA compared with HCs in all directions, with
median values slightly less than 50% of HCs (Table 2). Median
shoulder torques were less than 25% of HCs in patients with
SMA. Spinal muscular atrophy type 2 patients seemed weaker
compared with type 3 patients, although the numbers were too
small for statistical testing.
Active ROM Tasks
The numbers of participants with missing values in trunk
ROM and muscle activity outcomes are shown in Table 3. Max-
imum active trunk angleswere significantly lower (P< 0.01) in all
directions in patients with SMA compared with HCs (Fig. 2A).
Median trunk flexion angle was reduced the most, approximately
by 58 degrees, followed by axial rotation (36 degrees), extension
(27 degrees), and lateral bending (24 degrees). There was no
significant difference between lateral bending and axial rota-
tion to the dominant or nondominant side.tions
SMA
n Median IQR P HC/SMA
13 23.7 (20.7–34.4) 0.001
13 25.9 (11.2–47.7) 0.001
13 29.2 (17.7–42.8) 0.005
13 31.6 (16.2–42.7) 0.004
16 11.3 (5.1–17.4) <0.001
14 9.8 (4.9–13.0) <0.001
www.ajpmr.com 1113
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TABLE 3. The number of participants (SMA/HC) who accomplished a task and included data for trunk kinematics, back, and abdominal
muscle activity
Tasks Task Accomplished Trunk Kinematics Back Muscle Activity Abdominal Muscle Activity
Maximum active ROM
Flexion 13/15 11/15 12/15 13/15
Extension 13/15 11/14 12/15 13/15
Lateral bending 13/15 12/15 12/15 12/11
Axial rotation 13/15 13/15 12/15 11/11
Reaching forward
N-0 13/15 13/15 12/15 13/15
N-500 7/15 7/15 7/15 7/15
F-0 9/15 8/15 8/15 9/15
Reaching lateral
N-0 11/15 10/15 10/15 11/15
N-500 7/15 7/15 7/15 7/15
F-0 7/15 7/15 7/15 7/15
Reaching contra-lateral
N-0 13/15 13/15 12/15 13/15
N-500 7/15 7/15 7/15 7/15
Plate 13/15 13/15 12/15 13/15
Drink 12/15 9/15 11/15 12/15
0, without weight; 500, 500-gram object; F, far; N, near.
Peeters et al. Volume 98, Number 12, December 2019Normalized muscle activity levels when flexing and ex-
tending were not different between patients with SMA and
HCs for the muscles primarily counteracting gravitational mo-
ments (eg, back muscles for trunk flexion, abdominal muscles
for trunk extension) (Fig. 2B). However, there was a significant
increase (P < 0.01) in normalized antagonistic activation for pa-
tients with SMA, that is, the abdominal muscles for flexion (up
to 29%MVIC), back muscles for extension (up to 24%MVIC),
and ipsilateral back muscles for lateral bending (up to 39%
MVIC). Normalized muscle activity of the ipsilateral back andFIGURE 2. Rotation angles andmuscle activity for active range of trunkmotio
flexion (FLEX), extension (EXT), lateral bending (LAT), or axial rotation (ROT)
dominant and nondominant side. B, Maximum muscle activity levels when p
side, and axial rotation to dominant side movement. D, dominant side; EO, e
*P < 0.05, **P < 0.01.
1114 www.ajpmr.com
Copyright © 2019 Wolters Kluwer Habdominal muscles were also significantly greater (P < 0.05)
for axial rotation (up to 24% MVIC) in patients with SMA.Performing Daily Tasks
The number of participants who could accomplish a task
and the numbers of participants with missing values in trunk
ROM and muscle activity outcomes are shown in Table 3. In
general, no differences were seen in trunk ROM between pa-
tients with SMA and HCs when performing daily tasks (Fig. 3).n tasks. A,Maximum trunk rotation anglewhen performing amaximum
movement. Lateral bending and axial rotation are mean values toward
erforming a maximum flexion, extension, lateral bending to dominant
xternal oblique; IC, iliocostalis; LO, longissimus; ND, nondominant side.
© 2019 Wolters Kluwer Health, Inc. All rights reserved.
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FIGURE 3. Trunk ROM in patients with SMA and HCs when performing tasks. 0, without weight; 500, 500-gram object; F, far; N, near. *P < 0.05,
**P < 0.01.
Volume 98, Number 12, December 2019 Trunk Function in SMA PatientsNormalized muscle activity levels for back and abdominal
muscles were significantly greater (P < 0.01) in patients with
SMA compared with HCs for all tasks, except reaching laterally
far (Fig. 4). Unsupported static sitting required already three
time as much normalized trunk muscle activity for patients with
SMA. When performing the daily tasks, the average back mus-
cle activity was 27% of MVIC for HCs and 56% of MVIC for
SMA, and the average abdominal muscle activity was respec-
tively 10% of MVIC and 44% of MVIC. In addition, median
muscle activity for the deltoid muscle was approximately
100%MVIC and was significantly greater (P < 0.05) compared
with HCs.
A Case of a 6-yr-Old Participant
In general, little differences were found between SMA_6y
and HC_6y. Both joint torque and maximum active range of
trunk motion were comparable between the 6-yr-old partici-
pants. Trunk ROM of SMA_6y was different from the HC_6y
in half of the daily tasks. However, both increased and decreased
ROMwas seen, and in most tasks, the difference was less than 3
degrees. Variability in normalized muscle activity for HC_6y
was too large to reliably compare with SMA_6y.DISCUSSION
This is the first study describing trunk function in SMA in
relation to the performance of UL tasks. Demand on trunk
muscles is high when performing such tasks, reflected by in-
creased normalized muscle activity levels as hypothesized,
but in contrast with our hypothesis, this occurred without an in-
creased trunk ROM.© 2019 Wolters Kluwer Health, Inc. All rights reserved.
Copyright © 2019 Wolters Kluwer HTrunk joint torque was decreased in patients with SMA
compared with HCs with at least a factor two in median value.
In addition, SMA type 2 patients seemed weaker in trunk torque
comparedwith type 3, aswas also found previously.4 On the other
hand, the large interquartile ranges indicate a gradual scale in
trunk function, which is in line with the fact that SMA shows a
range of functional abilities rather than absolute differences be-
tween types of SMA.5 More patients are needed to confirm
whether there is a difference between types or that it is a
graduate scale.
Maximum active trunk ROM was limited in patients with
SMA compared with HCs in all directions. To perform the
ROM tasks, both groups used a comparable percentage of their
maximummuscle capacity for the muscles counteracting grav-
itational moments in flexion, extension, and lateral bending
movements. This indicates that patients with SMA achieve a
lower maximum ROM when using similar muscle effort of
the counteracting gravitational muscles as HCs. This is not sur-
prising, because the maximum absolute muscle activity is
much less for patients with SMA because of loss of motor neu-
rons. A lower maximum absolute muscle capacity results in
less force generating capacity, as reflected in the decreased
joint torques.
When performing reaching and daily tasks, patients with
SMA used a greater percentage of their maximum trunk mus-
cle capacity compared with HC, although trunk movement did
not increase. We expected to find increased trunk movement to
compensate for reduced arm function, as for example was visi-
ble in patients with Duchenne muscular dystrophy.13 However,
although deltoid muscle activity level was close to 100% of
MVIC, trunk ROM did not increase. As a consequence, patientswww.ajpmr.com 1115
ealth, Inc. All rights reserved.
FIGURE 4. Muscle activity in patients with SMA and HCs when performing tasks. 0, without weight; 500, 500-gram object; F, far; N, near. *P < 0.05,
**P < 0.01.
Peeters et al. Volume 98, Number 12, December 2019will be restricted in their workspace and therefore in performing
daily activities. The fact that patients with SMA did not increase
their trunk ROM, although normalized shoulder muscle activity
was very high, suggests that patients with SMA need more of
their trunk muscle capacity to maintain stability to perform the
UL movements.18
To gain more insight in mechanisms underlying the in-
creased normalized muscle activity when performing the
reaching and daily tasks, we analyzed the absolute muscle ac-
tivity. This showed similar absolute muscle activity levels of
the back muscles, indicating comparable back muscle activation
during task performance in SMA and HCs (in combination with
comparable trunk ROM). Noteworthy, this still resulted in in-
creased percentages of normalized muscle activity in patients
with SMA because the absolute maximum muscle activity was
decreased. On the other hand, the absolute abdominal muscle
activity was significantly increased in patients with SMA, which
could indicate co-contraction of the abdominal muscles during
task performance and would support the hypothesis above.
The co-contraction can be caused by recruitment of more motor
units needed to generate enough muscle force to maintain trunk
stability and/or recruitment of larger motor units because of re-
innervation in SMA.19
Using increased percentages of the maximum muscle ca-
pacity and co-contraction causes earlier development of fatigue
and increased risk of muscle overloading.18,20 Because scolio-
sis is related to muscle weakness and fatigue, clinicians should
pay high attention to trunk function in children with SMA.21
However also in general for functional assessment and devel-
opment of interventions, there should be more awareness for
the great loads on trunk muscles required to perform simple
manual tasks. Interventions to reduce muscle fatigue during
the day can be applied, such as proper seating, use of trunk1116 www.ajpmr.com
Copyright © 2019 Wolters Kluwer Hsupportive devices, or physical muscle strength training to re-
duce fatigability.22,23 Rigid trunk orthoses are not recom-
mended, because these restrict important trunk movements
that are necessary to perform daily tasks. In addition, being
able to move could also prevent the muscles from degenerating
faster because of disuse.3,24 New supportive devices that allow
movement and reduce load on the trunk are needed.
For the first time in patients with SMA, a quantitative in-
sight in trunk function was obtained. The results were consistent
with clinical experience on trunk function and can therefore sup-
port clinical decision-making. Furthermore, the method used in
this study gives opportunities to evaluate interventions in a
quantitative manner in the future. Treatment with, for example,
Spinraza is currently evaluated with the use of the Hammersmith
Functional Motor Scale, but this does not discriminate between
different body segments and does not give insight in the benefits
for performing activities of daily living.6,25
This study has several limitations. First, although we cov-
ered a broad range of the clinical spectrum of SMA, it was sta-
tistically not possible to compare, for example, SMA type 2 or
type 3 patients, or patients with or without spinal fusion sur-
gery because of the small sample size. It would be interesting
to investigate in more detail how differences between subtypes
affect task performance. Secondly, the control group was not
age matched with the patients with SMA. This might have
had an effect on the maximum joint torque and maximum
active trunk ROM, as muscle strength and joint flexibility
decrease with ageing (starting approximately 50 yrs).26,27
However, differences found between the HCs and patients with
SMA were very high and cannot be solely attributed to age.
Furthermore, the reported ROM values during the maximum
ROM tasks are active ranges based on unsupported seating,
and it should be noted that several participants reported that© 2019 Wolters Kluwer Health, Inc. All rights reserved.
ealth, Inc. All rights reserved.
Volume 98, Number 12, December 2019 Trunk Function in SMA Patientsthey were afraid of falling whenmoving further. Lastly, the per-
centages presented for normalized muscle activity are likely an
overestimation, because standardized MVIC tasks were per-
formed from a seated position, which likely resulted in lower
absolute maximummuscle activity signals. However, this posi-
tion was chosen, so patients could perform theMVIC tasks and
because it corresponded with the position in which the move-
ment tasks were performed.
In conclusion, because of degeneration of motor neurons,
patients with SMA need a greater percentage of their maxi-
mum muscle capacity to generate the same amount of force
as HCs. This study was the first to quantify the effects of this
in performance of seated tasks. Maximum trunk joint torque
and active trunk ROM were significantly reduced in patients
with SMA. Furthermore, increased normalized trunk muscle
activity, without increased trunk ROM, was seen when per-
forming daily tasks. Co-contraction of the trunk muscles is
very likely present. This indicates that patients with SMA use
more of their muscle capacity to maintain trunk stability com-
pared with HCs. Clinicians should take trunk function into ac-
count when assessing function and interventions, because
using a high percentage of the maximum muscle capacity may
result in fatigue and muscle overloading. On the other hand,
one must bear in mind that restrictions in trunk movement will
likely cause limitations in accomplishing tasks independently
and might accelerate muscle decline because of disuse.
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